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THE BOX INLET DROP SPILLWAY AND ITS OUTLET 


Fred W. Blaisdell’, M. ASCE, and Charles A. Donnelly” 


SYNOPSIS 


This paper reports model experiments made to determine the free flow 
capacity and the effect of submergence on flow over box inlet drop spillways 
and describes the development of an outlet for the spillway. For the use of 
the designer, data are presented for the determination of both the free flow 
capacity and the hydraulic proportions of the outlet structure. Design data to 
determine the effect of submergence on flow over the spillway are too volumi- 
nous to include in this paper. 

Two control sections—the box inlet crest and the headwall opening—are 
shown to govern the head-discharge relationship. The control section changes 
from the former to the latter as the flow increases. Flow over the box inlet 
crest is affected by the head on the box inlet, the box inlet shape, the width of 
the approach channel, and the location of the dikes. These effects are de- 
scribed and the corrections which must be applied to the discharge coefficient 
are evaluated for a wide range of conditions. When the control section is at 
the headwall opening, the discharge coefficient varies with the depth of the box 
inlet. In addition, the head, which is measured from the crest of the box inlet, 
must be corrected by adding a distance which is a function of the relative 
depth of the box inlet. Discharge coefficients and head corrections are pre- 
sented. 

Submergence greatly affects the flow through box inlet drop spillways. The 
effect decreases as the flared outlet is widened and varies with the discharge, 
the greatest effect occurring at that discharge where the free flow control 
changes from the box inlet crest to the headwall opening. 

The outlet structure can be adjusted to fit a wide variety of field conditions. 
It is possible to lengthen the straight section and to cover it to form a highway 
culvert. The stilling basin section sidewalls can flare if desired, thus permit- 
ting discharges into a narrow channel or onto a wide flood plain. Flaring the 
sidewalls also makes it possible to adjust the tailwater depth to the depth natu- 
rally available. 


INTRODUCTION 


The box inlet drop spillway may be described as a rectangular box open at 
the top and at the downstream end. An outlet structure is attached to the open 
end of the box inlet. A spillway and its outlet are shown in Fig. 1 and its gen- 
eral proportions and dimensions are defined in Fig. 2. Runoff water is directed 
to the crest of the box inlet by earth dikes and headwalls, enters over the 


1. Project Supervisor, U. S. Dept. of Agriculture, Agri. Research Service, 
St. Anthony Falls Hydr. Laboratory, Minneapolis, Minn. 

2. Hydr. Engr., U. S. Dept. of Agriculture, Agri. Research Service, St. Anthony 
Falls Hydr. Laboratory, Minneapolis, Minn. 
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upstream end and two sides, and leaves the spillway and enters the outlet 
through the open downstream end. The long crest of the box inlet permits 
large flows to pass over it with relatively low heads and correspondingly low 
dikes, yet the width of the spillway need be no greater than that of the down- 


stream channel. 


There are uses for the box inlet drop spillway in the fields—among others— 
of irrigation, drainage, gully control, water conservation, and highways. Asa 
gully control structure and as an outlet for artificial ponds in the field of soil 
and water conservation, it is used to control vertical drops of from 2 ft to 12 
ft. As a drainage structure it is used to permit excess surface water to enter 
the drainage ditch without causing erosion of the ditch head or banks, and at 
the same time it provides an outlet structure for drain tile. In highway use 
the so-called straight section of the outlet can be lengthened and covered to 
form a culvert. The reader can perhaps anticipate other cases where the spe- 
cial characteristics of this type of spillway can be utilized to advantage. 
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Fig. 1 


Fig. 2.=-=Proportions of the Box Inlet Drop Spillway 


Previous Work 


The earliest work on box inlet drop spillways to come to the attention of the 
authors is that reported by Kessler*® in 1934. Some use of Kessler’s design 
was made during the 1930’s but it is now obsolete as far as the Soil Conserva- 
tion Service program is concerned. 


' 3. “Experimental Investigation of the Hydraulics of Drop Inlets and Spillways 


for Erosion Control Structures,” by L. H. Kessler, 1934, Engineering Ex- 
periment Station Series No. 80, pp. 56-66, Bulletin of the University of 
Wisconsin. 
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A more complete series of experiments was reported by Huff’ in 1944. 
Huff’s results apply particularly to entrances to chute spillways. Huff and 
Kessler agree that a level approach (as compared to a deeper approach) serves 
to lower the capacity. Huff gives a little data indicating the great effect of ap- 
proach channel width on the flow capacity and also briefly touches on the effect 
of submergence. These latter points are discussed fully in the present paper. 

Studies of outlets for box inlet drop spillways were initiated late in 1942 and 
were reported by Huff® in 1944. Because Huff’s outlet is limited in its appli- 
cation, a new outlet for box inlet drop spillways was developed by Donnelly. ° 
A glance at Donnelly’s design shows that there will be a backwater effect on 
the flow over the box inlet crest if the drop in the box inlet is low or if the 
flows are so high as to drown out the box inlet crest. This means that the dis- 
charge tables presented by Huff are invalid for many box inlet drop spillway 
flows. The submergence data presented by Huff also become invalid as a re- 
sult of the new outlet design. The necessity for additional studies thus becomes 
apparent. 


Experimental Program 


Notation.—The letter symbols used in this paper are defined where they 
first appear, in the test or by illustrations, and are assembled for convenience 
of reference in the Appendix. 

The information presented here is based on extensive programs of experi- 
mental investigation. The free and submerged flow studies comprise 361 tests, 
each test differing in some respect from the others and each requiring approx- 
imately 35 runs made with differing flow conditions. It can be readily seen 
that something over 12,000 runs form the background for the discharge design 
procedure. Similarly, the outlet design is based on 386 tests representing, 
first, the exploratory tests used to determine the general form of the outlet, 
second, the tests made to determine the general design rules for each element 
of the outlet, and, third, the tests made to verify the design rules. Subsequent- 
ly the outlet design was modified slightly as a result of special wingwall stud- 
ies. Details of the test programs are discussed in the following paragraphs 
under the three subdivisions into which it is convenient to divide the studies; 
namely, free flow tests, submerged flow tests, and outlet tests. 


Free Flow Tests 


An analysis of the dimensions of a number of box inlets constructed by the 
Soil Conservation Service indicated that relative box inlet depths D/ W ranging 
from ¢ to 1 and relative box inlet lengths B/W ranging from 0.25 to 2 would 
cover the anticipated range of field conditions although the range of tests for 
B/w was from 0 to 4. Here W is the width, D is the depth, and B is the length, 
respectively, of the box inlet drop spillway. 


q. “The Hydraulic Design of Rectangular Spillways,” by A. N. Huff, February, 
1944, SCS-TP-71, U. S. Dept. of Agriculture, Soil Conservation Service, 
Washington, D. C. 

5. “Progress Report on Design of an Outlet Structure for Head Spillways,” by 
A. N. Huff, December, 1944, U. S. Dept. of Agriculture, Soil Conservation 
Service, Washington, D. C. (Report is now out-of-print.) 

6. “Design of an Outlet for Box Inlet Drop Spillway,” by C. A. Donnelly, 
November, 1947, SCS-TP-63, U. S. Dept. of Agriculture, Soil Conservation 
Service, Washington, D. C. 
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Since Huff’s results indicated little effect of approach channel width when 
WwW -/Las, this width was adopted as standard for the tests. However, in order 
to “determine the effect of approach channel width, tests were made with rela- 
tive approach channel widths W ”. L as narrow as 0.4 and as wide as 10. The 
approach channel width is taken’ as W,, and the crest length L is equivalent to © 
2B +W. 

The magnitudes of the several variables on which free flow tests were run 
are listed in Table 1. However, not all combinations of these variables were 
tested. 


TABLE 1.--Test Proram - Free Flow Tests 


Variable Values of Variable Tested 


1/8, 1/2, 1 


5.0, 10. 


Submerged Flow Tests 


About 50 exploratory tests were made before planning the program of sub- 
mergence tests. Indications were that a very large number of tests would be 
required to define properly the submergence effect. Considerable thought was 
given to this phase of the test program in order to reduce the number of tests 
to a minimum yet to cover adequately the range of conditions anticipated in the 
field. The variables and their values utilized during the test program are given 
in Table 2. 


TAELE 2.--Test Program - Submerged Flow Tests 


Variable Values of Variable Tested 


B/W 
DW 2/2,.1 
1.8% 28 


5/2 4 4 2 re) 0 1.9 6.0 
i 1.0, 1.5, 2.0, 3.0, 4.0, 6.0 


Outlet Tests 


It was not possible to design in advance any clear-cut program for the out- 
let tests. Nevertheless, the program can be divided into three phases—the ex- 
ploratory tests, the evaluation tests, and the check tests. The initial tests 
were exploratory and served to determine in a general way the important fea- 
tures of the outlet. During the next phase of the study, the proportions of the 
various features were varied one by one to discover how the performance of 
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the outlet was affected. The final phase of the study was begun after the design 
rules had been developed. These rules were checked by designing a series of 
outlets and testing them under the range of conditions that each was supposed 
to handle. 


Apparatus and Procedure 


Two different test setups were used for these tests. Both setups will be de- 
scribed briefly. 


Free and Submerged Flow Tests 


The experimental setup used for the box inlet drop spillway study was es- 
pecially designed for making submergence tests. The special features incor- 
porated into it also facilitated the rating tests. A general view of the test set- 
up is shown in Fig. 3. Important features not shown in Fig. 3 are described in 
the following paragraph. 


I. 
Approach chenne! 


jevel contro! gote 


7 
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The approach channel floor was of cement mortar and was level with the 
crest of the box inlet. The headwater piezometer opening was located at the 
center of the channel 3 ft 6 in. upstream from the headwall. The tailwater 
piezometer opening was located 5 ft 0 in. downstream from the headwall. 

Point gages were used in determining the water levels and water level record- 
ers were used for control purposes. The recorders served to increase the re- 
liability of the readings as well as.to save time. 


Outlet Tests 


The arrangement of the test apparatus for the outlet tests is shown in Fig. 4. 
All models were halved (split along their longitudinal centerlines) and set 
against the glass panel in the channel as shown in Fig. 4. Previous experi- 
ments on culvert outlets have shown that identical results can be obtained from 
either full or half models. 


Supply Line 

Baffles 
Point gage carriage 
Glass observation panel 
Sand bed 
The model 


Stop-] ors 


Baffles 


HS-flume 


Supply line Glass obssrvation panel 


Fig. 4 Test Apparatus - Outlet Tests 


Near the conclusion of the box inlet drop spillway outlet tests, this half- 
model method of conducting tests was checked on a full model half the size of 
the half models. A view of this model is shown in Fig. 5(c). After the full 
model had been tested, a lucite plate was placed at the centerline of the struc- 
ture to give, in effect, two half models as shown in Fig. 5(d) and the test was 
repeated. The results of the tests are shown in Fig. 5. Confetti has been 
sprinkled on the water surface of the flow photographs, Figs. 5(a) and 5(b), to 
show the stream lines. A careful comparison of the two photographs will show 


534-7 


4 
ill 
\s 
| 
. 
| 


that the flow patterns are identical within the limits of precision ofthe experi- 
ment. The scour patterns are compared in Figs. 5(c) and 5(d). A small dis- 
agreement in scour patterns will be noted between the two halves of Fig. 5(d). 
However, the bed slopes are small and a considerable displacement in plan 
position of the contours represents only small differences between the depths 
on either side of the centerline. 

Ordinary concrete sand passing an 8-mesh screen was used for the stream 
bed downstream from the outlet. The erosion of the sand bed below the level 
of the outlet floor was used as a measure of the efficiency of the outlet. 


(c) Scour pattern for full model, (d) Scour psttern for half model. 


Fig 5.--Comparison of Results Obtained 
Using Full and Half Models. 
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Test Results: Free Flow Tests 


Considerable study was necessary to find the best method for analyzing the 
data. The adopted method will be described and will be followed by separate 
presentations of the results obtained when the control is at the box inlet crest 
and when the control is at the headwall opening. 


Analysis of Data 


Both the flow over the box inlet crest and through the headwall opening are 
theoretically proportional to the three-halves power of the head or 


Q « 43/2 (1) 


Use was made of this fact to plot all the data for each test on a single sheet. 
However, to simplify the analysis, both sides of Eq. 1 were raised, before 
plotting, to the two-thirds power. The advantage of this type of plot is that the 
point where the flow control section shifts from the box inlet crest to the head- 
wall opening can be readily determined. Also, if the data points fall ona 
straight line it is an indication that the theoretical exponent is correct. 

A typical plot of data is shown in Fig. 6. It will be noticed that a number of 
points fall on neither the box inlet crest nor the headwall opening curves in the 
vicinity of their intersection. These points were not used in computing the 
rating curves. In addition, a few of the lowest points were discarded when 
they fell off the curve, probably as a result of surface tension effects. 

The constants in the equations for the discharge given in Table 3 were de- 
termined by the method of least squares after it was found that fitting the 
curves by eye resulted in intolerable personal errors. The equations used had 


the form 3/2 
Q=c, (H - Hy) (2) 


for the box inlet crest portion of the rating curve, and 
(H - (3) 


for the headwall opening portion of the rating curve. 

Referring to Fig. 6, it will be noticed that the data points fall on straight 
lines except for those near the intersection of the two curves and for one or 
two of the lowest flows. This observation, with minor exceptions, is character- 
istic of all the data obtained during the tests. The deduction from this observa- 
tion is that the theoretical exponent is correct. 

It will be noticed that neither of the curves shown in Fig. 6 pass through the 
origin of coordinates. This had been anticipated for the headwall opening por- 
tion of the rating curve because the assumption of the origin of heads at the 
crest of the box inlet is obviously incorrect and the form of Eq. 3 was adopted, 
for one reason, so the correction H,, could be obtained. However, there was 
no reason to believe that H,, in Eq. 2 would be other than zero. The fact re- 
mains that H,, was consistently found to be greater than zero to a degree that 
left no doubt-as to its statistical significance. 

At first it was thought that the determination of the zero reading of the head 
gage was in error, but repeated checks eliminated this possibility. The possi- 
bility of surface tension effects is also eliminated by the manner in which the 
curve is drawn. The only conclusion that can be reached at this time is that 
the meaning of H,, has so far eluded detection. 
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Pig. 6,--Typical Plot of Data 


Control at Crest of Box Inlet . 


Four factors which affect the flow through box inlet drop spillways when the 
control section is at the crest of the box inlet are discussed in the following 
subsections. In the concluding subsection the precision of the results is dis- j 
cussed. 

Although it was shown by Kessler and Huff that the level of the approach ' 
channel will affect the discharge, no tests were made to evaluate this effect; 
the approach channel surface was level with the box inlet crest to simulate a 
natural approach channel silted level full. 


Effect of Position of Dike.— Free access to part of the box inlet crest is cut 
off as the dike is moved closer to the crest of the box inlet. Although very 
little data were obtained, information which can be utilized to evaluate the dike 
effeet wili be presented for its qualitative value. 
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At the point where the toe of the dike just touches the crest, X = 0. Tests 
were made with X/H = 0, 0.7, 1.4, 2.9, 5.7, and oo (no dike) where H is the 
head for which the spillway is designed. The relative head H/W at which tests 
were made was 0.35. Since the dike slope was 1 on 3, the toe of the dike pro- 
jected upstream 3H from the headwall. The tests were conducted for only a 
single box inlet having a relative length B/W = 2. The ratio of the discharge 

in a spillway with a dike to the discharge in the same spillway without a dike 
was computed for each of the dike positions with the results shown in Table 4 
for B/W = 2. Apparently the toe of the dike should be located from 3H to 5H 
from the box inlet crest in order to minimize the dike effect. 

If the effect of the dike on the discharge over other box inlets can be as- 
sumed to be inversely proportional to the length of the crest, then for a box 
inlet shape of B/W = 1, where the crest length is 3W as compared to 5W when 
B/W = 2, the decrease in the relative discharge obtained above will be 5W/3W 
or 1.7 times as great. The corresponding figure for B/W = 0.5 is 5W/2W or 
2.5. Based on these assumptions, Table 4 has been prepared to facilitate the 
making of corrections for the dike effect. The importance of keeping the toe 
of the dike well away from the box inlet crest is quite apparent from the values 
shown therein. 

In using the values shown in Table 4 to determine the dike effect, it should 
be kept in mind that the data are too few to permit the determination of any 
completely reliable figures. The data are presented here in the absence of any 
better information primarily for their qualitative value. 


TABIE .--Correction j’or Dike Effect - Control at Box Inlet Crest 


0.84 0.85 0.93 0.97 0.99 1.C0 
0.73 0.75 0.88 C.95 0.98 1.00 


2.0 (actual) 
1.0 (estimated) 


C.5 (estimated) 0.60 0.62 0.82 0.92 0.98 1.00 


Effect of Approach Channel Width.—One phase of the present test program 
was designed to determine the effect of the width of the approach channel 
quantitatively and accurately. The results are presented in Fig. 7 in dimen- 
sionless form. The discharge coefficient c, was divided by the average dis- 
charge coefficient for channel widths equal to or greater than three crest 
lengths c, w,/LX3 before plotting. This was so the plotted values would 
directly indicate the throttling effect of the narrower approach channel. The 
tests with the deeper box inlets (larger D/W) are the most reliable since they 
cover a larger range of discharges than did those for the shallower box inlets; 
the data obtained on the deeper box inlets were given the greatest weight in 
drawing the curves. 

The relative discharge coefficient is unaffected by approach channel widths 
equal to or greater than three times the length of the box inlet crest. There- 
fore, all design criteria are based on wide approach channels and the curve of 
Fig. 7 is suggested for use in correcting for the effect of narrow channels. 
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Fig. Sasha Effect of Approach Channel Width 
Control ot Box inlet Crest 


Effect of Shape of Box Inlet.—When analyzing 
the results, it was observed that the coefficient 
of discharge c, in Eq. 2 was a function of the 
shape of the box inlet B/W. The discharge co- 
efficients are plotted in Fig. 8. In preparing 
Fig. 8, open circles were used when the relative 
channel width was equal to or greater than 3. 
The coefficients obtained from tests made with 
a relative approach channel width of 2 were 
corrected for the effect of approach channel 
width using the curve of Fig. 7 and used to lo- 
cate the curve for the longer boxes. The cor- 
rected coefficients are plotted as crosses in 
Fig. 8. The data obtained for the shllowest 
box inlets (D/W = 1/8) were not plotted because 
the end sill caused submergence of the weir 
crest at all flows. 

It is intended that the curve drawn in Fig. 8 
be used for design purposes. In spite of the 
scatter in the data, particularly for the short 

box inlets (low B W), it is felt that values taken from the curve are valid to 
within + 10%. 

A correction scale has been added at the right side of Fig. 8. This scale is 
based on the assumption that no correction is required to the discharge co- 
efficient of 0.4275 when B/W = 1, but that a correction is required for other 
box inlet shapes. 


Variation of Discharge Coefficient with Head.—Although the coefficient c, 
in Eq. 2 is a constant, the use of Eq. 2 with its zero-flow head correction, 
which insures the constancy of c,, is open to some objection. Accordingly, a 
means was sought to eliminate the zero-flow head correction altogether even 
though this necessitated the use of a variable discharge coefficient. The re- 
sulting equation for discharge over the box inlet crest has the form 


Q=c, 33/2 (4) 


where c, now varies with the head. 

To determine the coefficient of discharge in Eq. 4, c, was computed for 
each run of all pertinent tests. The coefficient c, was then corrected for the 
effect of approach channel width and box inlet shape. The corrected discharge 
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Fig. 8.=-E€ffect of Box inlet Shape on Discharge Coefficient 
Control ot Box inlet Crest 


coefficients are plotted in Fig. 9 against relative head H/W. The only data not 
appearing in Fig. 9 are those obtained for shallow boxes where submergence 
caused by the sill at the outlet exit affects the discharge even at very low 
flows. Some shallow box data has been included for runs where the end sill 
was removed. Data from 51 of the 62 tests listed in Table 3 appear in Fig. 9. 

A mean curve has been drawn as a solid line in Fig. 9. The coefficient of 
discharge for a given relative head may be taken from this curve, multiplied 
by the approach channel width correction and the box inlet shape correction, 
and substituted in Eq. 4 to determine the capacity of the box inlet drop spill- 
way when the box inlet crest controls the discharge. A second method for de- 
termining the discharge is outlined in the following paragraph using the cor- 
rection scale at the right of Fig. 9. 

It will be noticed that the discharge coefficient is constant in Fig. 9 when 
H/W is greater than 0.6. Therefore, Eq. 4 can be written 


= 0.4275 22/2 (5) 
or, in English units, 


= 3.43 (6) 


Eqs. 5 and 6 are valid when B/W = 1, W,/L>3, and H/W=0.6. For other box 
inlet lengths, narrower approach channels, and lower heads, the corrections 
given by the curves of Figs. 7, 8, and 9 or the tables of the design reports’ 
must be applied. 


Precision of Results.—Fig. 9 has been prepared to a very large scale in 
order to facilitate plotting the data. Therefore, the scatter is not as great as 
might be assumed at first glance. It can be seen that most of the observed 
data fall within + 5% of the mean line. Therefore, Fig. 9 may be considered as 


7. “Hydraulic Design of the Box Inlet Drop Spillway,” by F. W. Blaisdell and 
C. A. Donnelly, January 1951, Technical Paper No. 8, Series B, of the 
St. Anthony Falls Hydraulic Laboratory, Minneapolis, Minnesota, now re- 
printed as SCS-TP-106, U. S. Dept. of Agriculture, Soil Conservation 
Service, Washington, D. C. 
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verifying Eq. 4 when c, is taken from Fig. 9 and corrected by means of Figs. 
7 and 8. Similar comments apply to Eqs. 5 and 6 when corrected by means of 
Figs. 7, 8, and 9. 


Control at Headwall Opening 


At the higher flows the box inlet becomes flooded out and the section con- 
trolling the flow shifts from the box inlet crest to the opening in the headwall, 
as can be seen by referring to the typical plot presented in Fig. 6. This por- 
tion of the rating curve is defined by Eq. 3. 

A detailed analytical study was made to determine the factors which affect 
the discharge coefficient and the zero-flow head correction in Eq. 3. It was 
discovered that the dike position, the box inlet shape, and the approach channel 
width had no effect on the discharge coefficient c, but that the coefficient was 
a function of the depth of the box inlet. With regard to the zero-flow head cor- 
rection H,,, it was discovered that H,, was independent of the approach chan- 
nel width and the dike position but was a function of both the relative length 
B/W and the relative depth D/W of the box inlet. Separate subsections of the 
report are devoted to the effect of the relative depth of the box inlet on the dis- 
charge coefficient and to the head correction. 


Effect of Depth of Box Inlet on Discharge Coefficient.—When the discharge 
coefficient c, in Eq. 3 is plotted against the relative depth of the box inlet 
D/W it is found that c, increases with D/W. This is shown in Fig. 10. While 
there is considerable spread to the data, other plots not presented here show 
that c, is independent of both B/W and W,/L and it seems unlikely that the 
spread can be decreased. 

For design purposes the solid curve drawn in Fig. 10 is suggested for use 
in determining the coefficient of discharge in Eq. 3. 
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Head Correction.—The tests showed that the head correction is independent 
of both the approach channel width and the width of the box inlet, but that it is 
a function of the ratio of the box inlet length to its depth B/D. In Fig. 11 the 
ratio H,./D has been plotted against B/D. There it will be noticed that the data 
for box inlets having relative depths D/W of 1, 1/2, and 1/4 fall on a single 
curve, but that for a relative box inlet depth of 1/8 the data fall on a separate 
well-defined curve. The reason for this has not been discovered. 

In view of the fact that shallow boxes will be uneconomical in most cases for 
the higher flows where the headwall opening controls the discharge, the solid 
curve of Fig. 11 is presented for design purposes for box inlets equal to or 
greater in depth than W/4. In order to cover the relative box inlet depths be- 
tween 1/4 and 1/8 as well as the deeper box inlets, the data has been plotted 
in a different form in Fig. 12. Although Fig. 11 is simpler to use than Fig. 12, 
Fig. 12 may be used in place of Fig. 11 and must be used for the shallower 
boxes. 


Precision of Results.—Dashed curves have been added to Fig. 10 parallel 
to the solid curve and 5% and 10% above and below it to indicate the spread of 
the data. Although occasional data points fall outside the 10% limits, suffi- 
cient data fall inside this range to indicate that the coefficient of discharge 
reasonably can be expected to be within 10% of the value given by the solid 
curve. 

With regard to the head correction, it appears that the curve of Fig. 11 can 
be expected to give this correction to within about 10% , in general. At the low 
values of B/D the curve is steep and it seems likely that there the head cor- 
rection may vary by as much as 20% from the curve. Little can be said re- 
garding the accuracies obtainable through the use of Fig. 12 but it seems likely 
that the comments made regarding Fig. 11 also apply to Fig. 12. 


It was noted when analyzing the data that the coefficient of discharge and 
the head correction vary in such a manner as to indicate that a deviation of 
one from the curve was at least partially corrected by a compensating deviation 
of the other. To some degree at least the variations from the design curves of 
Figs. 10 and 11 are therefore quite likely compensating. 


Test Results: Submerged Flow Tests 


A determination of the effect of submergence on the flow through box inlet 
drop spillways was necessary because there are many field locations where 
high tailwater elevations are likely. Since the relative importance of the var- 
ious factors which affect submergence were unknown, preliminary tests were 
run to determine the effect of each factor. The following section of this paper 
is devoted to a discussion of the preliminary tests. A second section discusses 
the submergence calibration tests, which were voluminous because no simple 
method was discovered by which the results could be systematized. 


Preliminary Tests 


The preliminary tests and analyses cover the effect of banks in the exit 
channel, the effect of varying the length of straight section in the outlet, the 
effect of the width of the outlet, and the effect of varying the rate of flow. A 
separate subsection is devoted to each of these effects. 


Effect of Banks in Exit Channel.—Since it would be more convenient if it 
were not necessary to simulate the exit channel, a test was made to determine 
whether the submergence curve was affected by the presence or absence of the 
downstream channel. 

534-18 


— y 
q 
q 
| 
; 
- 
4 
a 


| 
WES 


Fig. 11,-=Relative Head Correction for D/W> 1/4 


Fig. 12,<=Relative Head Correction 
Control ot Heodwoll Opening 


4, 
0.0 
| 
| 
Control at Heodwall Opening 
oo 
\2/ 0.0 c a 
‘ 
3.0 
4.0 
8/0 
534-19 
| i 


In Fig. 13, the data points shown as triangles were obtained with a down- 
stream channel filled with sand, the shape being formed by water running over 
it with the tailwater at about its normal level. The data points shown as circles 
were obtained with no sand in the downstream channel. From this figure it can 
be seen that the presence or absence of the bed and banks in the downstream 
channel had no effect on the submergence curve. As a result, all subsequent 
submergence curves were obtained without stream banks in the downstream 
channel. This greatly facilitated the study without detracting from its value. 


Symbol Length of Streight Section a 


Fig. 1y.--Effect of Length of Stroight Section 


Effect of Length of Straight Section.—The outlet for the box inlet drop spill- 
way has a straight or parallel sided section between the box inlet and the still- 
ing basin the length of which may be varied to fit the site conditions. Data ob- 
tained with straight sections having lengths equal to three and five times the 
minimum lengths given by the design equations are plotted in Fig. 14. There it 
may be seen that the points fall on a single curve within the limits of experi- 
mental precision. No comparable data are available for the minimum length of 
straight section. It is concluded that the length of the straight section does not 
affect the submergence curve. 


Effect of Width of Outlet.—The stilling basin proper can be constructed with 
either parallel sidewalls constructed as extensions of the straight section walls 
or with flaring sidewalls. If flaring sidewalls are used, it is likely that there 
will be a recovery of velocity head in the outlet that may mitigate the submer- 
gence effect. Therefore, the influence of flaring outlet sidewalls was investi- 
gated. 

A study of the data indicates that the rate of flare of the outlet sidewalls, 
within reasonable limits, does not affect the submergence curves. Flares 
tested varied from 1 in co (no flare) to 1 in 2, the maximum permitted by the 
outlet design. 
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It is the width of the outlet at its downstream end W, that determines the 
amount of energy recovered in the outlet. This is shown in Fig. 15. As would 
be anticipated, the effect of the width decreases as the width increases until, 
in the case cited in Fig. 15, there is no benefit in using outlets wider than about 
1.5W. 

The results of this investigation show the great effect of width of outlet and 
indicate the necessity of considering the outlet width as one of the variables in 
a study of submergence effects on flow through box inlet drop spillways. 


6.-<Effect of Discharge 


Effect of Varying Discharge.—The results of a study of the variation in sub- 
mergence effect on discharge are shown in Fig. 16, where it can be seen that 
the submergence effect increases with the discharge up to the point where 
Q/w™? = 4. At still higher discharges the submergence effect decreases. An 
excellent correlation was obtained showing that the discharge which produces 
the greatest submergence effect corresponds to that discharge on the free flow i 
rating curve where the control changes from the box inlet crest to the headwall 
opening. 

As a result of this phase of the study, it can be seen that the submergence 
effect is a function of the discharge. 


Submergence Calibration Tests 


The preliminary tests discussed in the foregoing paragraphs bear out the 
comments made by King when commenting on the submerged weir experiments 
made by Bazin. King* says, “Each type of weir is a problem in itself and if the 
laws governing [submerged flow over it are to be determined, each requires 
an extensive experimental investigation, covering a wide range of conditions." 


8. “Handbook of Hydraulics,” by Horace Wm. King, (2nd Edition), 1929, p. 162, 
McGraw-Hill Book Company, Incorporated, New York. 
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The test program was designed to provide the “extensive experimental in- 
vestigation”which King says is required. The range of variables covered is 
given in Table 2. The data for each of the 36 models or variations were plotted 
on separate sheets, each of the six constant discharges recorded on each sheet 
being represented by a different curve. Fig. 16 is representative of these plots. 
The space required to present them does not permit the inclusion of the sub- 
mergence curves in this paper. However, the 216 submergence curves (less 
the data points) have been prepared for design use, and are presented in a sec- 
tion of the design report® which has been prepared especially for use by those 
who have occasion to determine the flow over box inlet drop spillways under 
submerged flow conditions. 


Test Results: Outlet Tests 


The test program for the study of outlets for box inlet drop spillways may 
be conveniently divided into three parts: the initial tests, the definition tests, 
and the check tests. The initial tests were exploratory in nature—that is, a 
number of different forms of the outlet were devised and tested to determine 
the important features of the outlet. The general form of the outlet evolved 
from these exploratory tests. The definition tests were made to define the de- 
sign rules, to evaluate the design equations, and to determine the ranges of 
their application. The check tests covered the anticipated range of each of the 
variables and served to verify the design rules. In the following pages, each 
element entering into the design will be discussed in a manner that will permit 
the reader to verify, independently, the adequacy of the design data. 

Since the form of the outlet is determined largely by the manner in which 
the flow leaves the box inlet, it is pertinent to describe the outflow briefly. The 
water passing over the sides of the box inlet springs clear of the sidewalls and 
creates a space between and under the nappes and the sidewalls. These spaces 
are filled with water having a helical motion about a horizontal axis. At the 
exit of the box inlet, the helices from the opposite sides of the spillway enter 
the outlet along the sidewalls and create a considerable disturbance and uneven 
distribution of flow across the outlet. It is this poor velocity distribution and 
attempts to improve it that cause the major problems in the development of the 
outlet. 


Critical Depth 


In order to determine the proportions of the outlet it is necessary to deter- 
mine the critical depth at two points in the outlet—in the straight section (Lg 
in Fig. 2) and at the exit. 

The equation for the critical depth in the straight section of the outlet d, is 


(7) 


where Q is the discharge, W is the width of the straight section, and g is the 
acceleration due to gravity. 
At the end of the stilling basin the equation becomes 


2 
ce 


9. Loc. cit. Note 7. 
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where doe is the critical depth and W, is the width of the stilling basin exit. 


Straight Section 


A straight section is used between the box inlet and the stilling basin to as- 
sist in breaking up the helical rollers described earlier, to improve the flow 
distribution, to make better use of the available tailwater, and to improve the 
scour pattern. The necessity for the straight section is shown in Fig. 17. In 
Fig. 17(a) the outlet sidewall has a flare of 1 in 3 for its entire length. The 
roller clings to the sidewall and at the stilling basin exit the high velocity is 
at the sidewall. This causes the high velocities to be along the sides of the 
downstream channel and results in scour of the banks and scour of the bed 
along the sides of the channel. In Fig. 17(b) the outlet sidewall first flares 1 
in 1 in an attempt to give the roller a chance to spread out, then is made par- 
allel to the outlet centerline. Although the rollers fall to the floor of the outlet 
and spread out, the transverse component of the velocity creates an impact 
wave against the sidewalls and high velocities along the walls. The uneven ve- 
locity distribution at the end of the outlet gives rise to eddies in the downstream 
channel and results in very poor scour patterns. In both of these models var- 
ious combinations of baffles, angular sills, cross sills, longitudinal sills, and 
end sills were tried in an effort to obtain a satisfactory flow pattern, but no 
combination was successful. 

After running tests with several types of sidewall, it was found that if a 
straight section (one having parallel sidewalls) equal to the box inlet in width 
were used between the box inlet and the outlet proper, the roller was broken 
up, the flow distribution was improved, better use was made of the tailwater, 
and the resulting scour pattern was improved, Fig. 17(c) shows the flow condi- 
tions where this straight section is used. 

The data obtained from the tests made to determine the length of the straight 
section are plotted in Fig. 18 using as coordinates (L,/d,) - 1 and B/W. The 
selection of the coordinates was by trial and error. The curve drawn through 


the plotted data has the equation Y 
0.2 
Ly = d, 1) (9) 


The points are scattered in Fig. 18 because of the manner in which the data 
were obtained. The rate of flow which gave good flow distribution over the end 
sill was determined only by visual observation. Therefore, for the same length 
of straight section, it is possible that two or more flows could be equally ac- 
ceptable. Check tests on this portion of the outlet and tests on the other parts 
show that ordinarily Eq. 9 will give a straight section that is too short for 
practical use. When this occurs, the straight section may be lengthened to 
suit the site with assurance that it will function properly. 

It will be noticed that B/W appears in the denominator of the equation. As 
B W approaches zero, the minimum length of the straight section therefore 
becomes infinite. This seems unreasonable. Eq. 9 is valid and should be used 
only for values of B/W0.25—the minimum covered by the tests. It is not in- 
tended that the outlet described here be used for straight overfalls such as 
would be the case if B/W = 0. 


Stilling Basin Section 


The stilling basin section of the outlet is used to remove destructive energy 
from the flow and to discharge water into the downstream channel in a manner 
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that will not damage the bed, the banks, or the structure itself. There are a 
number of elements that comprise the stilling basin, and the tests made on 
each of these elements will be discussed. 
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Tests showed that the sidewalls either could be parallel extensions of the 
straight section sidewalls or could flare as much as 1 transverse in 1 longitudi- 
nal. If the sidewall flare is greater than 1 in 2, the flow does not spread out 
rapidly enough to follow the sidewalls, the main stream will be concentrated 
at the center of the stilling basin, and whirls will develop between the stream 
and the walls. The choice between the limits 1 in oo (no flare) and 1 in 2 de- 

: pends on site conditions; these broad limits thus permit the adaptation of the 
‘ outlet to almost any field situation. 


Pes Length.—Tests were run to determine the minimum length of the stilling 
basin for box inlets having shape ratios B/W of 2.0, 1.5, 1.0, and 0.5; a depth 
ratio W/D of 1; the previously determined straight section length; a tailwater 
depth of 1.6d,,,; end and longitudinal sills W/8 high; and wingwalls set at a 45° 
angle and cut on a 45° top slope. 

7 Observation showed that, for the short box inlets, the jet shoots out ata 

high level and takes a relatively greater distance to level out than for the long- 

er boxes, and that the basin length must be proportionately greater for the 
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same discharge. Where the box inlet is iong, water shoots out from the bottom 
of the box and levels out in a relatively short distance, thereby requiring less 
basin length. 

The data obtained during these tests may be found in Table 5. A comparison 
of the values listed in the column showing (L,,/L)(B/W) with the notes shows 
that this ratio must be 0.50 or greater if the basin is to have sufficient length. 
Here Lg is the stilling basin length and L the crest length of the box inlet. 
The equation for the minimum length of the stilling basin may be written 


= (10) 


Greater stilling basin lengths may be used but it will be more economical to 


lengthen the straight section; lesser stilling basin lengths should never be used. 


Eq. 10, like Eq. 9, should not be used when B/W is less than 0.25. 


Sills.—The necessity for the sills is shown in Fig. 19. In Fig. 19(a), where 
no sills are used, the maximum depth of scour is below -0.20 ft relative to the 
elevation of the model basin floor and it was not possible to hold the bank of the 
downstream channel in place. An end sill is shown in Fig. 19(b). This end sill 
decreases the maximum depth of scour to - 0.12 ft and decreases the depth of 
scour at the end of the basin but does not decrease the scour of the banks. 

The longitudinal sills shown in Fig. 19(c) straighten out the flow and prevent 
the direct attack on the stream banks. They also serve to decrease the maxi- 
mum depth of scour to 0.08 ft and improve the form of the scour pattern. 

The results of the tests to determine the best height of the end sill are pre- 
sented in Fig. 20. During the tests it was noted that when the end sill is too 
high, the jet leaving the basin jumps over the sill and lands some distance out 
from the end of the basin, causing severe érosion at that particular location. 
On the other hand, when the end sill is too low the water leaving the basin 
causes the same severe erosion, but it occurs very near the end of the basin. 
This explains the appearance of solid points indicating poor performance both 
above and below the curve drawn in Fig. 20 to designate the proper height of 
the end sill. This curve has the equation 


f= a,/6 (11) 


where f is the height of the end sill and d, is the tailwater depth over the basin 
floor. The determination of the required tailwater depth is given in a later 
section of this paper. 

Although several different heights of longitudinal sills were tested, it was 
found that the height which appeared to be most satisfactory was equal to that 
used for the end sill. 

The longitudinal sills may be omitted if the stilling basin sidewalls are par- 
allel extensions of the straight section sidewalls. They should be used where- 
ever the stilling basin sidewalls flare. The longitudinal sills start at the exit 
of the box inlet and extend to the end sill. Tests showed that only a single pair 
of sills need be used if W, is less than 2.5W. Their distance either side of 
the outlet centerline should be between W/6 and W/4. Where W, is greater 
than 2.5W an additional pair of sills is required, and they should be located 
midway between the center pair of sills and the sidewalls at the stilling basin 
exit. 
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Sidewall Height.—The minimum height of the stilling basin sidewalls at the 
exit of the stilling basin above the tailwater level should be 


t= 4/3 (12) 


In order to prevent overtopping and the resulting erosion of the dam fill, the 
outlet sidewalls should always extend above the tailwater level. Therefore, 
under submerged flow conditions, much higher sidewalls may be required; 
however, the freeboard above the tailwater level may be safely reduced some- 
what because the water surface will be smoother. 


Wingwalls 


The shape and the position of the wingwalls have more effect on the scour 
of the bed and the dam fill near the end of the stilling basin than has been com- 
monly supposed. Considerable study was given to the shape and location of 
wingwalls that would best protect the dam fill. 

The effect of the wingwalls on the scour pattern is shown in Fig. 21. If no 
wingwall is used, as in Fig. 21(a), a deep hole is scoured at the end of the side- 
wall. The possibility of undermining the outlet is apparent and severe erosion 
of the dam fill takes place. A common type of wingwall is the rectangular 
shaped wall placed perpendicular to the outlet centerline. The results of the 
test on this wall are shown in Fig. 21(b). The scour is severe at the end of the 
wingwall and the dam fill has been badly eroded. The scour is caused by a 
whirl on the side of the main stream. The stream lines of the whirl are forced 
close together as they pass around the end of the wingwall and the resulting 
high velocities cause the scour. This is not an isolated case observed only in 
the laboratory; a number of field structures have been badly damaged by the 
same phenomenon. In Fig. 21(c), the wingwall has been formed by extending 
the sidewall and cutting it to fit the slope of the dam fill. No scour took place 
outside the wingwall but a rather deep hole was scoured at its end. When the 
wingwall shown in Fig. 19(c) was installed, the dam fill material rested on its 
angle of repose indicating no scour in back of the wingwall. 

Of the many different types and arrangements of wingwall studied, none 
gave scour patterns that were an improvement over the wingwall triangular in 
elevation. Tests were therefore conducted to determine the optimum position 
of the wingwall with the results shown in Table 6. It was noted that slight 
scour may occur near the wingwalls, as a result of the eddies along the side of 
the channel, or the scour may be at the centerline of the channel. The magni- 
tude and location of the maximum scour depth are given in Table 6. In no case 
was the scour sufficient to endanger the outlet or cause undue concern. 

From a study of the data shown in Table 6, it appears that the wingwalls 
having a top slope of 45° and set at angles @ of 45° and 60° with the outlet cen- 
terline are slightly superior to the others. With this type of wingwall, there 
was very little bank erosion and none at all in back of the wingwall where the 
fill material rested at its angle of repose, as can be observed in Fig. 19(c). 

After these outlet tests had been completed, a special study of wingwalls for 
another type of outlet was made. These tests confirmed the poor performance 
of the wingwall rectangular in elevation located perpendicular to the outlet cen- 
terline. They also confirmed the satisfactory performance of the wingwall tri- 
angular in elevation located at an angle of 45° to 60° with the outlet centerline. 
The later tests indicated, however, that the top of the wingwall could be sloped 
to fit the dam fill if desired. 
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(a) No Wingwall. 


Rectangular-shaped 


Wingwall Perpendi- 
cular to Outlet 
Centerline. 


(c) Basin Sidewall Extended 
and Cut to Fit Fill Slope. 


Fig. 2l1.--Effect of Wingwall on Scour Pattern. 
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Tailwater Depth 


The tests to define the required tailwater depth were conducted before the 
sill heights had been determined, and the height of the longitudinal sills was 
taken as W/8 for this group of tests. The box inlets had relative lengths B/W 
of 0.5, 1.0, 1.5, and 2.0 and a relative depth D/W of 1. The length of the 
straight section was based on Eq. 9, and the wingwalls were set at an angle of 
45° from the outlet centerline and cut on a 45° top slope. 

The minimum depth of tailwater that would keep the hydraulic jump in the 
outlet was determined for each test. These minimum relative depths measured 
above the basin floor d,/d.. have been plotted in Fig. 22 as open circles 
against the relative widths. of the exit of the stilling basin W -/d ce: Curves 
were drawn through these data and used for the subsequent tests. Up to the 
point where We/A4ce is equal to 11.5, the equation of the curve takes the form 


(13a) 
While for values of We/4.6 in excess of 11.5, the equation of the curve is 

d, = + 0.0526, (13b) 
Eq. 13(b) is used at the higher ratios of W /4 ce because the tests show that 
dead or nearly dead water exists along the. wingwalls near the end of the basin 
when this ratio is greater than 11.5. That portion of the outlet occupied by 
dead water is obviously not being used to dissipate energy, and the outlet would 
operate just as well if it were eliminated. Satisfactory results can be obtained 
with outlets wider than 11. 5d. e if the tailwater depth is computed from Eq. 
13(b), but the wider basins result in inefficient use of the outlet and will likely 
be more expensive than a basin with a narrower outlet width. 


The check tests, which were conducted using the recommended sill heights 
and tailwater depths computed from Eqs. 13(a) and 13(b), showed that these 
equations give satisfactory tailwater depths. The check tests are plotted in 
Fig. 22 as solid circles. Another group of tests conducted with tailwater depths 
greater than those given in Eq. 13 produced scour patterns as good as or bet- 
ter than those produced when the design tailwater depth was used. 


Depth of Box Inlet 


The depth of the box inlet was not ignored; it was considered in each step 

of the test program. However, it will be noted that the box inlet depth does not 
appear in any of the design equations. It is believed that this is due to the man- 
ner in which the water flows through the box inlet. The flow in the box is very 
turbulent and much of the energy at the drop is dissipated so that it is the depth 
of flow in the box inlet, which is related to the critical depth used in the outlet 
equations, rather than the box inlet depth itself that determines the proportions 
of the outlet. 


Check Tests 


The various elements comprising an outlet each have their individual effect 
on the performance of the structure. These effects are, of course, interrelated 
so that a variation in one element can possibly cause a change in the perfor- 
mance of some other element; yet, the only logical way to conduct the experi- 
ments was to vary only one element at a time and disregard, temporarily, its 
effect on the other elements. Therefore, in order to make sure that all inter- 
related elements were working together to insure the desired final result, a 
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comprehensive series of check tests was required. These check tests were 
made after the design equations had been tentatively adopted and before they 
were considered final. ; 

The check tests are summarized in Table 7. They showed that no changes 
were required in the design equations and rules, and that the operation of the 
outlet was satisfactory. 


Summary of Results 


The results of the tests made to determine the discharge over box inlet 
drop spillways and to determine the design of the outlet may be summarized as 
follows. 


A. When the discharge over the box inlet drop spillway is controlled by the 
crest of the box inlet: 
1) The general formula for the discharge is 


Q = 0.4275 Bag w/? (5) 
or, in English units, 
= 3.43 (6) 


The discharge coefficients in Eqs. 5 and 6 must be multiplied by: 
a) The correction for head given in Fig. 9; 
b) The correction for box inlet shape given in Fig. 8; 
c) The correction for approach channel width given in Fig. 7; and 
d) Thecorrection for dike proximity to the box inlet crest given in 
Table 5, these values being of low precision. 
3) The approach channel is silted level with the crest of the box inlet. 
4) The precision of the design curves is within + 7%. 
When the discharge over the box inlet drop spillway is controlled by the 
headwall opening: - 
1) The general formula for the discharge is 


(H- Hop)? (3) 

2) The discharge coefficient c, may be obtained from Fig. 10. 

3) The head correction H,, may be obtained from Fig. 12. If D/W is 
between 1/4 and 1, inclusive, H,, may be more readily determined 
from Fig. 11. 

4) The precision of the design curves is probably within + 10%. 

When the box inlet drop spillway operates under submerged conditions, 

both the width of the outlet and the discharge influence the submergence 

effect. Reference should be made to the reports entitled “Hydraulic 

Design of the Box Inlet Drop Spillway”*®® to determine this effect. 

. The rules for the design of the outlet for a box inlet drop spillway are: 

1) The critical depth in the straight section is 


2? 


(7) 


2) The critical depth at the exit of the stilling basin is 


. Loc. cit. Note 7. 
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3) 


4) 


5) 


6a) 


6b) 


6c) 
7) 


8) 


9) 


The minimum length of the straight section is 


L, = 4, ve + 1) (9) 


for values of B/W>0.25. Greater lengths of straight section may 
be used. 

The sidewalls of the stilling basin may flare from 1 in co (parallel 
extensions of the straight section walls) to 1 in 2. 

The minimum length of the stilling basin is 


(10) 


for values of B/W20.25. Longer lengths of stilling basin may be 
used but it will require less material if the straight section is 
lengthened to secure the same overall outlet length. 

When the stilling basin is less than 11.54... wide at its exit, the mini- 
mum tailwater depth over the basin floor is 


= 1.6; 
ay 1.04. (1 3a) 


When the stilling basin is more than 11.5d¢¢ wide at its exit, the 
minimum tailwater depth over the basin floor is 


However, stilling basins as wide as 11.54. may make inefficient 
use of the outlet. 

Greater tailwater depths may be used; lesser depths will cause more 
scour in the downstream channel. 

The height of the end sill is 


f= d,/6 (11) 


Longitudinal sills will improve the flow distribution in the outlet. 

They should be located as follows: 

a) When the stilling basin sidewalls are parallel, the longitudinal 
sills may be omitted. 

b) The center pair of longitudinal sills should start at the exit of the 
box inlet and extend through the straight section and stilling basin 
to the end sill. 

c) When Wg is less than 2.5W, only two sills are needed. These 
sills should be located at a distance p of W/6 to W/4 each side 
of the centerline. 

d) When W, exceeds 2.5W, two additional sills are required. These 
sills should be located parallel to the outlet centerline and midway 
between the center sills and the sidewalls at the exit of the stilling 
basin. 

e) The height of the longitudinal sills is the same as the height of the 
end sill. 

The minimum height of the sidewalls above the water surface at the 

exit of the stilling basin should be 


or greater. The sidewalls should extend above the tailwater surface 
under all conditions. 
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Table 7 
RESULTS OF CHECK TESTS 


W = 0.667 ft., wingwall position = 60° from centerline, wingwall 


B D a, L Sidewall “e 


O.f.8. ft. ft. ft. ft. Flare ft. 


> 


1.16 
331 
Nel 
Nel 


31 


0.530 0.270 
0.810 0.358 1.330 
0.800 0.255 0.290 
0.205 & 0.18 0.22 
0.395 0.221 0.311 


0.530 0.270 0.32) 
2960 0 -600 
0.810 0.358 0.396 
22/40 0-1 59 0 022k 
0.345 0.202 0.288 


0.2),0 0.159 0.22h 
0.345 0.202 0.288 
0.105 0.225 0.247 
0.205 0.186 0.22); 
0./:00 0.222 0.268 


0.328 0.19% 0.218 
0.!:00 0.223 0.268 
0.):05 0.225 0.247 
0,810 0.358 0.306 
0.690 0.321 0.387 


0.675 0.317 0.348 
0.690 0.321 0,287 
0.675 0.217 0.3),8 
0.395 0.221 0.311 
0.960 0./,01 0.600 


0.860 0.373 0.122 


0.556 0.279 0-390 
0.300 0.355 0.390 


0.750 0.3/0 0.390 


1. Below floor of stilling basin, 2. From end of stilling 


Ww 


RF FE 


0-3 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


. 


Dw 


Run Q q 
No, 
358 q 
359 4 
360 | 
361 
362 
a 366 26 
367 16 
368 | 
371 
372 
a 373 1.20 6:1 
3 374 1.20 331 
375 0.8% 
376 1.60 
377 1.60 6:1 
278 1.60 6:1 1 
379 140 
780 1.20 2:1 
381 1.70 6:1 
382 1.87 6:1 
36), 1.60 "sl 
Notes: : 
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top slope = 15° from horizontal, length of run = |, hours. 


Sidewall 


a, Height Max imun Distance Location” 
ft. ft. ft. ft. ft. ft. ft. 


0.187 0,299 0.1;00 
0.242 0,387 0.516 
0.257 
0.129 0.1% 0.260 
0.131 0.210 0.280 


0.160 0,257 
0.222 0.3/0 0.452 
0.242 0,387 0.516 
0.070 0.187 0.248 
0.140 0.22), 0. 300 


0.087 0.172 0.228 
0.128 0.20, 0.272 
0.123 0.197 0.264 
0.138 0.220 0.292 
0.105 0,212 0.28), 


0.1 0.226 0. 300 
0,1%2 0.212 0.28), 

-212 0.340 O52 
0.226 0. 362 0.458; 


0.223 0.356 0.476 
0.200 0,322 0.4428 
0.160 0,257 
0.117 0.237 0.316 
0.259 0.'15 0.52 


0.373 0.595 0.802 
0.3 


0.165 0.263 
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0.219 0.337 
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basin. 3. Location of maximum scour 
a. Near centerline 
b. Near wingwall 


of 
| 
| 
| | 
0.24 0.290 0.065 0.520 
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10a) The wingwalls should be triangular in elevation and have a top slope 
of 45° with the horizontal. Top slopes as flat as 30° are permissible. 

10b) The wingwalls should flare in plan at an angle of 60° with the outlet 
centerline. Flare angles of 45° are permissible. Wingwalls parallel 
to the outlet centerline are not recommended. 
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APPENDIX I. NOTATION 


The following letter symbols, adopted for use in this paper and for the guid- 
ance of discussers, conform essentially to the American Standard Letter Sym- 
bols for Hydraulics (ASA—Z10.2—1942), prepared by a Committee of the Amer- 
ican Standards Association, with Society representation and approved by the 
Association in 1942. In addition, the symbols of linear concepts are defined 
by Fig. 2. 


cross-sectional area of approach channel 
length of box inlet 

with subscripts, coefficients of discharge 
depth of box inlet 

height of tailwater above basin floor 
critical depth in straight section 

critical depth at stilling basin exit 
Froude number 

height of end and longitudinal sills 


acceleration due to gravity 


specific head; depth of flow plus velocity head = h + hy 


apparent specific head at zero flow; zero-flow head correction 
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Subscript “1” refers to control at box inlet crest. 
Subscript “2” refers to control at headwall opening. 

level of tailwater referred to crest of box inlet 

increase over free flow head caused by high tailwater level 

piezometric head 

velocity head = V?7/2g 

length of box inlet crest = 2B + W 

minimum length of straight section of outlet 

minimum length of stilling basin section of outlet 

exponent 


spacing of center pair of longitudinal sills either side of outlet 
centerline 


discharge 

spacing of outer pair of longitudinal sills 

minimum height of sidewall at basin exit above tailwater elevation 
mean velocity = Q/A 

width of box inlet 

width of approach channel 

width of stilling basin exit 

distance from box inlet crest to toe of dike 

angle wingwall makes with outlet centerline 
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